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The thermal decomposttlon of intimate mixtures of different molar ratios of sodium chlorite
and chromium(III) oxide has been studied employing thermogravimetry. differential therrnal
analysis and the decomposition products characterized by infrared spectroscopy and chemical
analysis. Upon heating in air to 2500• Cr(I1I) in 4: 1molar ratio is oxidized completely to Na2Cr20,.
Only stoichiometric amount of Cr(I1I) is oxidized from mixtures of molar ratios <4 : 1 leaving
behind excess Cr203• whereas from molar ratios >4: 1 Cr(III) is completely oxidized and the
excess NaCI02 disproportionates into NaCI03 and NaCl. Sodium chlorate in the presence of
Na2Cr20, decomposes in the temperature range 300·360°C.which is much below the dccomposi-
tion temperature of pure NaCI03•
THER1'IAL behaviour of intimate mixturesof chromium(III) oxide and potassium})ercldorate1, and of cluomium(III) oxide
and potassium chlorate'' revealed that Cr203 not
only catalyses the decomposition by lowering the
decomposition temperatures of pure salts but also
cncmical ly interacts to give K2Cr207• Each mole
of Cr203 takes up 2 moles of KCl04 and 8/3 moles
of KCl03. The oxidation of Cr(III) to the
hexavalent state is attributed to the abstraction
of oxygen from the oxychlorate moieties during
the decomposition. In this context, it was of in-
terest to study the thermal behaviour of alkali metal
chlorites in the presence of Cr203 and to characterize
the decomposition products. Solymosi and Bansagi3
have followed the thermal behaviour of NaCl02 by
der ivatographic technique and found that NaCl02
dispropor tionates in the temperature range 200-250°
and starts decomposing at 420°. In this paper is
reported the studies made on NaCI02-Cr20a system
following thermogravimetry and differential thermal
analysis techniques. The decomposition products
are characterized by chemical analysis and infrared
spectral measurements.
Materials and Methods
Technical grade sodium chlorite (Fluka) was
recrystallized repeatedly from hot water. The purity
was checked by ioIometric analysis", Cr(III) oxide
was prepared by heating Cr03 (AR) to 500°. All
other reagents used were of analytically pure grade.
Mixtures of NaCI02 and Cr203 were prepared in
1:2,1 :1,2:1,3 :1,4:1,5:1,6:1,7:1,8:1,9:1 and 10:1
molar ratios and powdered in an agate mortar for
10 min.
Thermogravirnetric studies were made in air using
Stanton recording therrnobalance at a linear heating
rate of 6°/min. Differential thermal analyses were
carried out in air with Netzsch differential thermal
analyser using inert alumina as the reference. About
100 mg samples were taken for each run in platinum
868
crucible containers for both the techniques.
Constant temperature heating experrment s were
carried out on a crucible furnace whose t empreature
could be controlled with an accuracy of ± lOc.
IR spectra were measured in the range 300-1500
ern"! using Beckman IR 12 and Perkin-Elmer 257
spectrophotorneters employing KBr pellet and nujol
mull techniques.
Cr(VI) in the decomposition products was deter-
mined by the iodometric method; chloride was
determined gravimetrically after separating the
chromate as barium chromate",
Results and Discussion
The weight loss noticed in the TG curve indicates
that the decomposition takes place in the tempera-
ture range 420-540°. However, the DTA curve
exhibits two exotherms and an endotherm before
the decomposition sets in. The IR spectrum of
pure NaCl02 heated to 250° exhibited peaks at 810,
780 and 440 crrr ' and 1020, 980, 940, 630 and 490
ern"! respectively which are in agreement with that
of pure NaCI03 (refs. 5, 6). The chemical analysis
of the heated product confirms the presence of
NaCI03 and NaCl and no trace of i\aCl02• The exo-
therms observed at 200° and 2400 are thus attri-
buted to the disproport ionation of NaC102 to i\aCIOa
and NaCl. The endotherm at 260°C is due to the
melting of NaCl03 and the exothermic effect
observed at 520° is assigned to the .lecomposition
of NaC103 (refs. 7 and 8). The results are in agree-
ment with those of Solymosi and Bansagi" though
these authors noticed the second exot herm at 273°
after the melting of NaC10a.
The TG plots of eleven mixtures having different
molar ratios of NaC102 and Cr203 are giyen in Fig. 1.
The curves suggest that the decomposition sets in
for all the mixtures around 2000• ~ For mixtures
higher than 4:1 molar ratios, there is a second stage
decomposition in the temperature range 300-350°.
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Fig. 1 - TG plots of 1: 2 (A), 1: 1 (B), 2: 1 (e), 3: 1(D),
4:1 (E),5:1(F),6:1 (G),7: I (H),8:1 (1),9:1 (J)and10:1 (K)
ratios of NaCI02 and Cr,03
Known amounts of the mixtures were heated at
360° and the decomposition products obtained were
found to be hygroscopic. The residues of 4:1 and
higher molar ratios are freely soluble in water
whereas those of lower molar ratios are partly
soluble, the insoluble part is found to be unreacted
Cr203•
The IR spectra of the products of decomposition
of molar ratios 4-: 1 and higher are identical and
showed bands at 930, 890, 780, 740, 570, 530, 370
and 350 em:", which are characteristic of Na2Cr207
(refs. 5 and 6). On the other hand, the infrared
spectra of the residues of molar ratios less than 4:1
exhibited bands corresponding to Na2Cr207 and
additional frequencies at 620, 550 and 400 cm!
due to Cr203 (ref. 9).
The residues of all the mixtures were analysed
for C[(VI) and chloride contents and the analytical
results are given in Table 1. The IR spectra of the
partially decomposed residues at 200° did not
indicate the presence of any ~aCl03' The results
suggest that when the molar ratio of NaCI02 to
Cr:03 is equal to and greater than 4:1, Cr(III) is
completely oxidized to ~a2Cr207 according to the
overall reaction (1).
x NaCI02+Cr,03-+Na2Cr,O,+(.v-2) NaCl+Cl, t
+(x-2) 0, t (.1';:;.4) ..• (1)
When the molar ratios are less than 4: 1 the
reaction takes place in accordance with Eq. (2).
NaCIO,+y Cr,03-+1Na,Cr.o,+tNaCI+(y-t) Cr,03+Cl2 t+ lOd (y> 1) ...(2)
The weight losses observed during the thermo-
gravimetric studies together with the calculated
weight losses based On the reactions (1) and (2) are
in good agreement (Table 2), thus confirming the
proposed reaction schemes.
In order to characterize the products of decom-
position at 250°, the residues obtained were subjected
to IR spectral studies. The spectrum of the residue
of 4:1 corresponds to that of Na2Cr207 and those
of lower molar ratios agree with those of Na2Cr201
and Cr203. Thus, there is no change in the composi-
tion of the residues of these mixtures obtained at
250° and 360°. However, the spectra of the
decomposition products at 250° of higher than 4:1
molar ratios exhibited bands due to Na2Cr207 and
additional frequencies at 990, 958, 930, 620 and
480 em'+ corresponding to NaCl03 (refs. 5 and 6) .
Based on these results the overall reaction scheme
at 250° can be represented as shown in Eq. (3).
z NaCl02+Cr,03-+Na,Cr20,+2/3 (z-4) NaCI03
+C{..!)NaCl+Cl, t +2 0, t (z<4) ... (3)
The weight losses noticed during the therrnogravi-
metric studies (Table 2) agree very well with the
calculated values based on the above reaction
scheme. Thus it is clear that when the molar ratios
are greater than 4:1, the decomposition products
at 250° are a mixture of Na2Cr207, NaCl03 an d
NaCl. Sodium chlorate thus formed decornnoses
in the temperature range 300-360° in the presence of
TABLE1 - ANALYSISOFTHERESIDUEOBTAINEDONHEATING
MIXTURESOF SODIUMCHLORITEANDCHROMlUU(III) OXIDE
AT 360°
Molar ratio Chloride (%) Cr(VI) Extent of
(NaClO,: --------- Found Cr(III)
Cr203) Found Calc. (%) oxidized
(%)
1: 2 4·8 4·50 6·4 12·2
1:1 7·7 7·32 10·6 24·7
2:1 10·3 10·65 15·5 49·7
3: 1 12·2 12·57 18·6 75·2
4-: 1 13·6 13·80 20·1 99·4
5: 1 13-5 13·70 17-0 98·8
6:1 13'6 13·61 14·8 98·8
7:1 13·3 13'55 13-2 99·8
8:1 13·4 13-50 11·8 99·0
9:1 13·2 13·46 10·8 100·5
10: 1 12·9 13·42 9·8 101·6
TABLE2 - TG DATAONTHE DECOMPOSITIONOFNaCIO, AND
Cr,03 MIXTURES
Molar ratio Weight loss (%) at
(NaCl02: ---------------------
Cr,03) 200-250° 300-350°
Found Calc. Found Calc.
1:2 8·5 8·55
1: 1 14·0 13-92
2: 1 15·5 15-62
3: 1 24·0 23·90
4: 1 26·0 26·25
5: 1 22·0 22·33 27·5 27-63
6:1 19·5 19·43 29·0 28·63
7:1 17·0 17·18 29·0 29·41
8:1 15·0 15·41 30·0 30·03
9:1 14·0 13·96 30·0 30·52
10: 1 13·0 12·77 31·0 30·95
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Fig. 2-DTA plots of 2:1 (A), 4:1 (B) and 6:1 (C) molar
ratios of NaClO. and Cr.03
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Na2Cr207 which is much below the decomposition
temperature of free NaCI03 (unpublished results).
The DTA plots of 2:1, 4:1 and 6:1 molar
ratios of NaCI02 and Cr203 are given in Fig. 2.
The behaviour of molar ratios > 4:1 is similar
to that of 6: 1 whereas of mixtures of molar
ratios < 4:1 is similar to that of the mixture of
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molar ratio 2: 1. The exotherm around 2300 is
ascribed to the oxidation of Cr203 to Na2Cr207' For
molar ratios> 4:1, this exothermic effect is the
combined effect of the formation of Na2Cr207 and
the disproportionation of NaCI02 to NaCl03 and
NaCl. The endotherm at 3500 noticed for molar
ratios 4:1 and lower is due to the melting of
Na2Cr207. For the molar ratios > 4:1, an endothermic
effect at 2600 is ascribed to the melting of NaCI03
and an exotherm at 3500 is due to its decorn-
positiont-", As the exothcrmicity is greater than
the endothermic effect due to the melting of
Na2Cr207 at this temperature, only an exothermic
peak is observed.
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